ABSTRACT
INTRODUCTION
The section National water savings of this report summarizes the model calculations and inputs required for calculating the NWS under WaterSense®. Section Net present value reviews the inputs and NPV calculations for quantifying the monetary value of the water savings described in the section National water savings. Shipments to existing homes, as expressed in the model, currently represent simply the difference between total shipments and shipments to new construction.
NATIONAL WATER SAVINGS
where:
ShipRep ¼ shipments to existing homes to replace failed controllers, and
ShipAdd ¼ shipments to existing homes that previously had no controllers.
Product stock
The stock of products for any given year represents the sum of all the stock of stipulated vintages that continue to function. The rate at which a type of product is replaced is determined by the product lifetime. Stock also can be expressed as the product of shipments of given vintages and the percentage survival for each vintage.
where: Indoor residential and indoor commercial/institutional.
The rate at which a type of product is replaced is determined by product lifetime. For the purposes of this analysis, the survival function is normalized using lifetimes obtained from industry experts. We used a triangular retirement distribution to generate survival functions for indoor products (see Table A -1 of Appendix A; Appendix A is available with the online version of this paper). The distribution assumes that no products are retired before their minimum and all are retired by their maximum lifetimes. Product stocks change from product retirements due to lifetime and new construction (see Table A -1 of Appendix A). For the purposes of this analysis, the survival function is normalized using lifetimes obtained from industry experts. Lifetime is used to determine product savings between the base case and the policy case. Federally mandated maximum water use efficiencies are given in Table A -2 of Appendix A.
Outdoor residential. We developed the inputs to the survival function of units based on a variety of sources (see Table A A summary of estimated product stock for all product types is included in Table A -4 of Appendix A.
Annual water savings per unit
The UWS is the difference in water consumption between the policy case from the base case, or the product of the policy-base case savings ratio on the unit water consumed (UWC). The UWC is based on market share data and the existing efficiency mix of the stock. The daily or annual amount of water used by a given product depends on both its frequency of use and its water consumption per use, otherwise known as its water use efficiency. 
National annual water savings
National AWS is the product of the AWS per unit and the number of units of each vintage. This calculation accounts for differences in unit water consumption from year to year. The equation for determining AWS is:
AWS is calculated separately for the base case and the policy case.
The model considers primarily water savings rather than water consumption, because it is not necessary to estimate the annual water consumption of all products in use to evaluate water savings from the program. The model, however, does produce estimates of annual water consumption for product end-use in a frozen efficiency scenario, the base case, and the policy case. 
NET PRESENT VALUE
The monetary value (NPV) of the reduced water costs associated with the water savings in the WaterSense® was calculated. The models do not include the total installed cost, the difference between total installed cost, and non-operating cost savings in the NPV savings calculation. Currently, the differences in purchase prices between efficient and non-efficient products appear to be minimal in relation to water cost savings (WCS).
EPA may consider such an addition in the future if equipment prices begin to vary between labeled and nonlabeled products.
Definition
The NPV is the value in the present of a time series of costs and savings. The NPV is described by the following equation.
NPV ¼ PVS À PVC
PVS ¼ present value of savings in water costs, and PVC ¼ present value of increase in total installed cost (including costs for product and installation).
The PVS was determined according to:
WCS ¼ total annual savings in operating cost each year summed over vintages of the product stock, stock v , and
We calculated the total annual savings in operating costs by multiplying the number, or stock, of the product (by vintage) by its per-unit WCS (also by vintage).
where: Savings were calculated as the difference between the policy case and the base case.
We calculated a discount factor (DF) from the discount rate and the number of years between the present year (the year to which the sum is being discounted) and the year in which the costs and savings occur. The NPV is the sum over time of the discounted net savings.
Inputs to the calculation
The inputs to calculation of the NPV are:
• annual per-unit savings in water and wastewater cost,
• total annual water cost savings (WCS),
• discount factor (DF), and • present value of savings (PVS).
The total annual savings in water costs are equal to the change in annual water costs (difference between base case and policy case) per unit multiplied by the projected shipments.
Product stock
The stock of products in any given year depends on annual shipments and the lifetime of the controllers. The models track the number of units shipped each year. The lifetime of a unit determines how many units shipped in previous years survive in any given year. Products were assumed to have an increasing probability of failing as they age. The probability of survival as a function of years since purchase is termed the survival function. That function was described in the section Product stock.
Annual water and wastewater cost savings per unit
We determined the per-unit annual savings in water costs by multiplying the per-unit annual savings in water consumption by the price of water and wastewater. Prices and price trends were developed for water and wastewater services.
Equations for estimating the per-unit annual water consumption for the base case and the policy case were 
Discount factor
Monetary values in future years were multiplied by a DF to determine their present values. The DF is described by the equation:
r ¼ discount rate, y ¼ year of the monetary value, and y P ¼ year in which the present value is being determined.
The models can be run using any discount rate. Threepercent and a seven-percent real discount rates are rec- 
Present value of savings
The present value of annual savings in water costs is the difference between the base case and the policy case discounted to the present and summed from the initiation of the program to any given year through 2030. Savings re-present decreases in water costs associated with more products purchased under the policy case compared to the base case. 
